Introduction: Bilateral developmental dysplasia of the hip is a challenging situation, closed and open reduction with or without pelvic and femoral osteotomies are all proposed. Methods: We investigated the feasibility of closed ilizarov reduction combined with Salter and femoral osteotomy to provide stable concentric hips. Results: We retrospectively reviewed 19 patients (38 hips). Tonnis Criteria, acetabular index and Centeredge angle were measured preoperatively and postoperatively. Acetabular index changed significantly (P<0,001), 80% were excellent or good according to Mckay, 25% were Ia and 69% were IIa Severin's criteria with at least three years follow-up. Conclusion: The midterm overall results are favorable for application of this technique.
Introduction
Developmental dysplasia of the hip (DDH) is a challenging condition of musculoskeletal system in children 1 . Early reduction is important for natural anatomical development to postpone early onset of hip osteoarthritis. 2, 3 Despite the development and widespread methods for early diagnosis, to date, there is late presentation in ambulatory children; some authors believe that bilateral dysplasia tend to have a poorer prognosis because of the increased treatment requirements 4 , with a unique situation of high femoral head displacement, contracture of pericapsular muscles, hypertrophied ligamentum teres, thickened labrum and dysplastic acetabulum. 5, 6 These factors contribute to higher complications related to recurrence and Avascular Necrosis (AVN) 7 . It is believed that unless open hip reduction is performed, soft tissue interposition prevents full reduction 8, 9 although soft tissues will be redistributed and even degenerated in the remodelling phase. 10, 11 The addition of femoral shortening is considered an important procedure for soft tissue decompression after open reduction to prevent osteonecrosis. 9 Salter innominate osteotomy proved successful results in the skeletally immature patients.
knowledge, the outcome on the use of pelvic external fixator for closed hip reduction followed by Salter and femoral derotational osteotomies in late presenting bilateral DDH children has not been reported. This study has the objective to evaluate the midterm results of application of this technique.
Patients and methods
With our institutional ethical committee approval, we retrospectively reviewed 19 patients (38 hips) between February 2001 and June 2011. Clinical features and radiographs were evaluated preoperatively and postoperatively to assess treatment outcome. Inclusion criteria were bilateral lesions, observation period of at least 3 years, the use of Ilizarov technique for skeletal reduction and reconstruction of the articular components by Salter and femoral derotational osteotomy. Patients with associated neuromuscular disorders, teratologic dislocations or residual deformity due to hip infection or previous hip surgery were excluded.
Patients were divided into two groups according to their age, in an assumption that the older group (5-years old) will have less favourable results; group A, the younger, with 10 patients (20 hips) with a mean age at operation of 38.7 months (range 26e49) and group B, the older, nine patients (18 hips) with a mean age at operation of 64 months (range 60e91) ( Table 1 ). There were 16 girls and three boys in total. Before presentation to our centre, 10 patients from both groups received conservative treatment in the form of abduction braces, and nine patients did not receive any kind of treatment. Preoperatively, clinical features included limping, positive Trendelenburg sign and adduction contracture. Radiographically, Tonnis 1 criteria, acetabular index (AI), 13 angle of proximal displacement of the femoral head (PDA) and the centreedge angle of Wiberg (CEA) 14 were measured preoperatively and postoperatively. After applying Ilizarov-type external fixator, gradual distraction is started on both hips to bring the head into the acetabular cavity. Salter osteotomy is carried out after closed reduction is completed. In both the groups, nine patients (18 hips) had simultaneous Salter osteotomy were reduction was achieved bilaterally at the same time, whereas 10 patients (20 hips) had staged osteotomy 2e3 weeks after femoral osteotomy is performed to correct excessive neck anteversion and coxa valga ( Table 2 ). The dressing program is on the second postoperative day and then every 10 days. The mean duration of the treatment starting from application of external fixator for reduction to the removal of the apparatus and application of abduction brace was 140.4 days (range 117e174) for group A and 125.3 days (range 110e197) for group B (Table 1) . Postoperatively, we used Mckay criteria 15 for assessment of clinical improvement and Severin criteria 6 for radiographic assessment of hip reduction ( Table 2 ). The follow-up time ranged from 3e10 years with a mean of 74.1 months (range 37e128) for Group A and 57.9 months (range 36e106) for group B. The patients are allowed to walk with support during the treatment phase; bolsters are arranged to create a space to accommodate the frame during bed time. After the removal of the apparatus, the patients are discharged and put in a removable abduction cast, where passive range of motion exercises are allowed for 2 months at home. The cast is then removed, and the patient is allowed to sit, bicycle and do other exercises. Statistical analysis was performed using Microsoft Excel package (2010). Student t test and p values were calculated to indicate significant value changes; A p value < 0.05 was considered significant. All patients gave informed consent with regards to the study without personal identification.
Radiographic criteria
Measurements were made on anteroposterior radiographs, with radiography performed before treatment, after the removal of the apparatus and at the last follow-up to assess the femoral head location within the acetabular cavity. 
Surgical technique
Through the iliac wings, middle and lower thirds of both femoral bones, we insert wires and pins and attach them with arches and rings connected by rods, with three levels of fixation on each side, postoperatively. We gradually divert femoral head to anteroinferior acetabulum with a rate of 1 mm/day, and the optimal level of descend is determined so that the centre of each head is arranged on the line connecting "figures of tear drop". Then, by simultaneous abduction, flexion and internal rotation of the limb, the femoral head is gradually placed opposite to the acetabular floor, and the head direction into the acetabulum is regulated by radiography which should be at least 70% medial from Perkin's line and is stopped when the patient starts to feel pain in the inguinal and/or knee areas. After reduction, pelvic Salter osteotomy is performed, and after 2e3 weeks, we performed femoral varus derotation osteotomy either proximally or distally with correction of larger neck anteversion by proximal femoral osteotomy and lesser anteversion by distal femoral osteotomy. Additional pins are inserted above and below the osteotomy line and connected to the frame; the duration of subsequent fixation is 35e45 days. The reduction is assessed radiologically; fortunately, most of our patients had the required reduction as we have control over the reduction process by the external fixator. We continue with the reduction process if we noticed a suboptimal reduction in which case we use arthrogram to detect any impeding soft tissues such as a remaining ligamentum, labrum or redundant capsule. Table 2 Compares our method with other open reduction methods.
Results
The distribution of joints according to the degree of dislocation as Tonnis 1 criteria (Table 3) were group A: grade IIdtwo joints, grade IIId10 joints and grade IVe eight joints; group B: grade IIdfour joints, grade IIIdfour joints and grade IVd10 joints. After treatment, significant improvement in average radiographic parameters was observed in both the groups with regards to the AI and PDA. All values were calculated as mean ± standard deviation with p value for statistical significance. For group A, preoperative mean AI was 40 ± 0.7 with postoperative significant change 13 ± 0.4 (P < 0.001) and to 8.5 ± 0.9 (P < 0.01) at final follow-up assessment. This additional improvement of the value is attributed to the final adjustment and remodelling of the pelvic bones in this younger group, whereas in group B, the preoperative mean AI was 38.8 ± 0.3 and postoperatively significantly changed 13 ± 0.3 (P < 0.001) but no improvement at final assessment, explained by the older age of this group. Preoperative PDA in group A was 47 ± 3.1 with postoperative significant change 11.7 ± 2.2 (p < 0.001) and significantly continued to improve at final outcome 1.8 ± 0.6 (P < 0.001). For group B, preoperative PDA was 52.5 ± 3.5 with postoperative significant change 2 ± 1.3 (p < 0.001) and no significant improvement at final outcome 0 ± 0.7; these changes are explained in the light of head reduction in the first change and head penetration with redistribution of soft tissues in the second change. In group B, this change is less but still consistent with age norms. After the apparatus removal, the CEA for group A was 27.6 ± 0.8 with no significant change at final outcome 27 ± 1.0 and for group B was 23 ± 0.6 with no significant change at final outcome 22.7 ± 1.4, respectively, but consistent with the corresponding age norms. The distribution of clinical results according to Mckay 15 (Table 4) criteria was group A: grade I (excellent), 14 joints (70%) and grade II (good), six joints (30%). For group B: grade I (excellent), six joints (33.33%); grade II (good), nine joints (50%) and grade III (fair), three joints (16.66%). Radiographic assessment according to Severin's criteria 6 (Table 5) for group A was type Ia (Normal hip)deight joints (40%) (Figure 1 ), type IIa (mild deformity of head and neck or acetabulum)d11 joints (55%) and type IIbd1 joint (5%). For group B, radiographic assessment according to Severin's criteria was type Iadtwo joints (11.11%), type IIad15 joints (83.33%) ( Figure 2 ) and type IVdone joint (5.55%); detailed information is given in Table 6 . All patients became Trendelenburg negative, except the patient with recurrent dislocation grade IV. With regards to complications, we had one case of superficial infection in group A which was resolved by changing three wires, 
Discussion
The aim of this study was to assess the midterm clinical and radiographic results of surgical treatment of late presenting DDH patients using combined procedure of closed reduction, Salter and femoral osteotomies. Bilateral cases are less frequent at 20% and usually delayed in presentation; the younger the age at reduction, the faster and better the AI at the final follow-up. 16 For a child with growing secondary changes in the pelvic bone and soft tissues, treatment options become more difficult, especially in bilateral cases. 4 According to many authors, 17,18 the age from 18 months to 4 years is the most favourable time to perform reconstructive surgery for DDH; so, the division of patients into two groups was based on the expectation that the older group 5 years (the start of schooling age) would have decreased chance of remodelling and head containment in comparison with the younger one, but the results proved that there is no such big difference. We think this is encouraging for performing surgery even for older children. The increased chance of remodelling in the younger group is reflected by continued improvement of the AI after frame removal. Ryan MG et al 19 have evaluated treatment results of one-stage combined procedure of open reduction, Salter and femoral osteotomies. They agree that this is technically demanding and challenging than a staged procedure but more rewarding in the outcome, however, although they did not use gradual closed reduction or have exclusive bilateral cases group. One of the main considerations for open reduction is the surgical removal of the intervening soft tissues; 11 however, Hattori T et al 20 found after a follow-up to skeletal maturity in 98 children (133 hips) with DDH who underwent arthrography after closed reduction that the thickness of soft tissue is not directly related to the final radiological results or to the incidence of avascular necrosis as spontaneous disappearance was noted in 71% until the age of 5 years. We think that this finding is valid as far as our results are concerned. We also agree with T. Tanaka et al 11 reporting the opportunity of penetration of the femoral head into acetabular cavity 1.5e2 years after closed reduction. Pospischill R et al 21 questioned whether open reduction combined with pelvic and femoral osteotomies without shortening increases the chance of osteonecrosis and found that 40% of 78 hips developed osteonecrosis. In our centre, we reserve closed gradual reduction for late presenters older than 2 years where we used the concept of distraction histogenesis; so, our technique eliminates the need for femoral shortening by gradual calibrated (1 mm/day) displacement of the femoral head to assume and adapt to the new reduction position. We believe that this technique is associated with the low incidence of osteonecrosis of our study. tion, pelvic and femoral osteotomy and had successful results; however, 90% of the cases were unilateral. Of the advantages of this procedure is that it is less invasive and less technically demanding and warrants pelvic stability when bilateral osteotomies are needed to be performed at the same time as in bilateral cases. We believe that gradual reduction obtained by pelvic external fixator is responsible for the low percent of AVN in our series as there will be gradual stretch of the capsule and soft tissue envelope and the pericapsular and hip musculotendinous complex during reduction and will eliminate the need for femoral shortening osteotomy. In addition, there is no need for open reduction, big incisions and deep dissections used for combined femoral shortening, autogenous bone grafts with donor site morbidity or operative removal of hardware. However, the technique is recommended to be performed by surgeons with some experience of external fixator or Ilizarov technique use around the pelvis and hip to have optimal results.
Conclusion
Concerning our results, 80% were excellent or good according to Mckay and 25% were Ia and 69% were IIa according to Severin's criteria at the final assessment. Overall, we think that the combined technique of pelvic external fixator for closed reduction followed by pelvic and femoral osteotomies is an effective treatment modality in DDH cases in general and specially in late presenting bilateral cases. With an understanding of this concept, the technique could be achieved by other types of external fixators as well.
